Ocean Thermal Energy Conversion (OTEC) may be the most promising future electrical energy source for many nations located between 2O"N and 20"s latitudes. Within this band are found the optimum physical conditions for OTEC development. Near-shore and landbased OTEC plant designs are underway for a number of island nations. Several governments in this region have declared OTEC to be the preferred alternative to their existing fossil fueled power plants, the fuel for which is imported at a severe economic penalty. OTEC by-products including fresh water. mariculture and cooling water are also of high interest in these arid, tropical sites. This paper reviews the factors that have lead to the recent interest in OTEC development.
INTRODUCr'ION
The initial step in evaluating the applicability of an energy technology is the preparation of a comprehensive and site specific energy The next level in evaluating OTEC as a candidate energy technology is the preparation of an oceanographic and environmental assessment. With a conceptual OTEC plant design in mind, a siting investigation is undertaken which assembles the data on the thermal resource (and its variability) and on the oceanographic conditions necessary to evaluate all environmental impacts.
Finally, detailed economic analyses, designs (conceptual, preliminary and final), environmental and safety licenses and permits, construction, testing and operations would proceed in that order. Through the following discussion of known programs, a picture of the near term commercial reality of OTEC will emerge.
OTEC DESCRIPTION
OTEC uses the temperature differential (an example is given in Figure 1 ) between warm surface and cold deep ocean waters to prcduce electric power. This power is then either transmitted to shore via submarine cable or used for on-board production of transportable fuels or energy intensive industrial products. Two basic power systems have been proposed. In the closed cycle concept, a secondary working fluid (e.g., ammonia) is vaporized and recondensed in a closed loop to drive a turbine. The working fluid is vaporized by warm water that is drawn from the surface and passed through heat exchangers. This working fluid expands, emerging as a high pressure steam which drives a turbine. The vapor is condensed by passing it through a second set of heat exchangers containing cold water pumped from depths of up to 1.000 meters. In the open cycle concept, a partial vacuum is used to evaporate warm surface water. The vapor expands and is used either to drive a low pressure turbine (Claude Cycle) or to lift the vapor to a height where the recondensed liquid can fall through a hydraulic turbine (lift cycle).
Again, cold water drawn from depth is used to recondense the vapor. A potentially valuable by-product of the ocean cycle concept is this fresh water condensate.* Major subsystems common to all OTEC plants are the warm and cold water intake and discharge systems, platform system and power transfer system. Three major configurations have been prcposed for OTEC plants: the land based, shelf-mounted and floating configurations.
UNITED STATES PROGRAM: DEVELOPMENT STATUS
In the U.S. program, the research and development effort sponsored by the U.S. Department of Energy (DOE) is directed at the evalua; tion, development and testing of major high risk OTEC subsystems.-DOE has also conducted extensive environmental studies to determine both the effects of the environment on OTEC and of OTEC on the e n~i r o n m e n t .~ Finally, DOE has sponsored a number of design studies for fully integrated OTEC systems ranging in size from 1 to 40 M W c 4 These activities have culminated in the initiation of design studies which could lead to the commercial construction. deployment and operation of a fully integrated 40 YWe OTEC plant as early as 1987. The preliminary design phase of the proof of concept experiment is a cost-shared venture between DOE and a consortium headed by the Ocean Thermal Corporation. A summary of the design proposed for the experiment is shown in Table 1 . The proof of concept experiment will fill a major void in the OTEC development program. Although there have been significant accomplishments at the subsystem level5, there is no existing experience with the operation of fully integrated prototypes (> 1 MWe systems).
As such. issues relating to the construction, deployment; operation, OTEC remain to be resolved. This is especially critical since OTEC survivability, maintainability, and overall cost competitiveness of requires a high initial capital investment which is offset by zero fuel costs over an extended plant life (on the order of 3 0 years).
The U.S. program has included the deployment of a small demonstration system that proved OTEC can produce net energy. OTEC's future appears to be critically tied to the success of the proof of concept experiment (pilot plant)
program. Without the validation of production cost estimates and operational performance goals which that system can provide, investors will continue to consider OTEC high risk and will not provide the required capital intensive financing.'
From the perspective of baseload additions.
it has been estimated that some 1600 MWe of added capacity will be required in the US islands by 1995. In 1990. OTECs in the 5-50 MiVe size range could h/kWh) and much cheaper than oil (at 50 hikWh) for these be life-cycle cost competitive with coal (both technologies at 25-35 markets." s 2 0
INTERNATIONAL PROGRAMS: DEVELOPMENT STATUS
OTEC systems in various states of development and sponsored by several different countries are summarized in Table 3 . All are prototypes at 10 MWe or less. The need for producing fresh water as well as electricity is expressed in the selection of open cycle in several concepts. Most systems are either land-based or very near shore shelf-based reflecting a choice to minimize risk in this early develop ment stage (no suspended cold water pipes or electrical power riser cables and no moorings). Critical OTEC components are typically being developed by the project sponsoring consortium team member in their laboratories.
INTERNATIONAL PROGRAMS: DEVELOPMENT POTENTIAL
The OTEC thermal resource area encompasses a large number of developing island countries who have common factors to address in selecting energy options. Most have an increasing demand for elecNearly all are fully dependent on imported oil and suffer from high tricity and fresh water (expanding industrial and agricultural demands). corrosion. There is also a common desire in these island nations not to centralize their populations, but to put new energy sources where the people are located." Given these factors. there is strong enough interest in OTEC to pursue the projects identified in the previous section (Table 3 ). In addition, planning activities are underway for OTEC development in Saipan. Tinian. and Tutuila in the Pacific", both Haiti and Barbados' in arctic O T E C . ?~ the Caribbean and Taiwan". There is also some Soviet interest in an
CONCLUSIONS
The prospects for near term development of OTEC look quite promising. The single most important barrier appeals to be the uncertainty of capital intensive financial backing associated with unproven cost estimates and the absence of operating performance validation. Given the pace of development of the United States proof of concept (pilot plant) program and several international prototype development projects, one can speculate that these uncertainties will be soon removed. If. simultaneously, fossil fuel prices escalate as in the recent past. near term OTEC development Lvould seem a certainty. 
